it is demonstrated that control fields really exist which drive the ET in the required 0 manner. Various properties of the OC algorithm are discussed when applied to dissipative dynamics and a scheme is proposed to avoid pinning in a local extremum.
theory
. 4 ,5
B
The OC theory is based on a certain functional which extremum has to be found. Once this extremum C has been calculated, the shape is known of the laser pulse 4 which drives the system in the desired manner. The functional consists of the expectation value of the observable one wants to maximize, e.g., the population of a particular state, ) and a constraint which restricts the pulse energy to a finite value. Originally, the OC theory has been formulated for gas-phase systems, which dynamics are governed by the time-dependent in Ref. 16 . Although this type of approach found a widespread experimental 4 application, the use of self-learning algorithm in theory would remain on a preliminary level. This is because of 6 the enormous amount of computational time necessary for carrying % out the multitude of dynamic propagations. Consequently G , it is much more appropriate to apply the OC theory whenever H a control experiment has to be simulated. This conclusion % leads to the problem of different experimental and theoretical constraints influencing the search for the optimal laser pulse. Therefore, the task for the theory is twofold. It has to solve the control task and it has to prove if the obtained 6 pulse really fits the constraints present in the particular experiment. On the one-hand side one can try to include % into the simulations the experimental conditions like the laser field spatial profile, 17 or 6 the limited spectral width of 6 the experimental pulses. Or alternatively, one can solve the control task without any experimental constraint and, afterwards, ask to what extent the pulse can be realized in the experiment. 18 In I the present paper we will follow the latter strategy in searching ) for a solution of the control task by means of the OC ' theory. In doing so we expect to get a general impression on 6 the way the control of our particular molecular system becomes # possible. In which manner one has to discuss the realization 0 in an experiment is explained in Ref. 18 and will not be repeated here. The concrete type of dynamics, in which H control should be studied in the following is related to ultrafast however U , do not deal with photoinduced ET reactions but with H a type of external field control characterized by the action of a high-frequency electric field which modulates the ener getic distance between the donor and the acceptor level. In A preliminary discussion of laser-pulse control of ET has been have such a system in mind, the present studies concentrate on the models given in Fig. 1 . The discussion of more involved models, including the continuum of PES, which refer to the band states of the semiconductor, is under work. The schemes of PES which will be of interest in the following are shown in Fig. 1 
II.
For r the PES scheme I of Fig. 1 the electronic quantum number field is assumed to be linearly polarized but remains free otherwise.
6
The model is completed by a coupling of the set Q W ab
. For 
The part In the present case of the control of dissipative dynamics it is given as
The 3 expectation value of the observable specified by the target 
The so-called
is obtained by propagating first the reduced density operator 
B. Inclusion of vibrational relaxation ET Model I
In the present section we will study the way the presence of . This behavior indicates that the OC algorithm has only found a local extremum.
C
We shortly explain how to circumvent such a pinning in a local extremum, and in this manner, how to accelerate the iteration procedure. 
V . CONCLUSIONS
The present paper has been aimed to give a consistent theoretical formulation of the optimal control problem in the presence 4 of excitation energy dissipation as well as dephasing and to apply this to different types of ultrafast ET reac- tions.
Based on the optimal control equations valid for the reduced density operator of the system and an auxiliary density 
is just an operator in the vibrational state space. 
